Study Design: This is a cross-sectional study.
I
n recent years there has been a growing interest in the use of minimally invasive spine surgery (MISS) due to technological advances in microscopy and instrumentation. 1 Although the use of MISS has become widespread in just the past few years, numerous studies have already gauged the safety and efficacy of this new modality. Compared with the more traditional open approach to spine surgery, MISS suggests several purported benefits including less trauma on the spine and surrounding structures, 1 minimal cosmetic scar, 2 shorter hospital stays, 3, 4 and faster recovery of function. 5, 6 However as with any surgical procedure, there are risks involved with MISS including hardware malfunction 7 and increased radiation exposure. 8 Nevertheless, overall complication rates are comparable between MISS and traditional open techniques. 9, 10 The Internet is becoming ever more widely used as a source of patient education for medical care and procedures including spine surgery. 6, 11, 12 Despite the vast quantity of information available on the Internet, the quality of Internet-based orthopedic education resources varies significantly with respect to accuracy, readability, and validity. [13] [14] [15] An effort has been made by various organizations to certify websites that provide high quality information. The most popular certification body is the Health on the Net Foundation (HON) which uses specific guidelines (HONcode) to determine if a website meets their quality standards. Objective third party evaluation of such certified websites has not been previously performed. A prior study that analyzed MISS education websites found that the readability of these websites exceeded the average ability of American adults. 16 While previous studies have assessed the content of online patient materials for different orthopedic procedures 14, 15, 17 there has been no study to date that has evaluated the content of MISS education sites.
The primary purpose of this study is to evaluate the content of online education materials describing MISS. A secondary aim was to assess the effect of Health on the Net certification (aka HONcode, a medical literature review foundation), website authorship, and search engine type on website content.
MATERIALS AND METHODS
Utilizing a previously described methodology for online patient educational materials regarding minimally invasive hip and knee arthroplasty, 18, 19 we queried the top 3 search engines (Google, Yahoo!, and Bing) for the most relevant websites on MISS using the search term "minimally invasive spine surgery." Only the top 50 websites from each site were used for data abstraction due to lower likelihood that patients would click through multiple pages to read articles lower on the search return results (Appendix, Supplemental Digital Content 1, http://links. lww.com/CLINSPINE/A48). Search results were obtained on a single day (September 14, 2014) to account for potential search result fluctuations on different days. Data abstraction were performed by 3 of the above authors (R.M., B.K., K.W.).
Comparing Search Engines
For the 3 search engines: Google, Yahoo!, and Bing the total number of search results for the search term "minimally invasive spine surgery" was recorded and the number of overlapping search results among the top 50 for each of the 3 search engines was also recorded.
Authorship
We categorized each resource based on its primary authorship; each resource was classified into one of 6 categories: (1) hospital or university; (2) private physician/ clinic with no affiliation to a larger medical institution; (3) ancillary health care organization including orthopedic manufacturers or other industries; (4) news organization or affiliation without connection to a hospital, university, or private clinic; (5) professional medical/academic association or society; or (6) other, which included the free online encyclopedia, Wikipedia, links to book sales, or meeting event pages. 18, 19 The Fischer exact test was used to compare differences in authorship between search engines.
Content of Information Benefits
Each resource was analyzed for mentioned benefits of MISS including faster recovery time, 2 shorter stay at a hospital or rehabilitation facility, 20 less postoperative pain, 21 smaller incision and subsequent scarring, 2 less tissue dissection with decreased damage to muscles, nerves, and surrounding structures, 2 reduced need for general analgesics, 2 less blood loss, 4, 22 and lower risk or rate of infection compared with the more conventional open approach. 23, 24 The mention of any other benefits was also collected.
Associated Risks
Each resource was assessed for the mention of potential risks of MISS. Such risks included increased rate of hardware malfunction, increased radiation exposure, and/or the overall similar chance of stated complications compared with traditional 8 open techniques. 9, 10 If any risks were listed, the website was categorized as a site mentioning risks.
Description of Techniques
Resources were categorized based on the thoroughness of visual and written descriptions of the operative techniques used in MISS. The AAOS OrthoInfo patient education website for MISS was used as the "gold standard" to which other websites were compared. 25 Sites were divided into 3 possible categories: (1) uninformative with no description of the technique or contained no pictures, (2) brief description of the technique and/or lacking diagrams of the technique, and (3) attempted description of the technique with relevant diagram/illustrations of the procedure.
Patient Eligibility
Sites were assessed for mention of patient eligibility including details on age, medical comorbidities, body mass index or other restrictions to MISS as a safe and appropriate surgical procedure.
Appointments
Each resource was assessed for instructions on how patients accessing their site could transition to making an appointment or gathering more information via phone call or in-person consultation to discuss options regarding MISS.
Health on the Net Assessment
We cross-referenced one popular certification body, Health on the Net Foundation, to identify how many of the search engine results received certification by their guidelines (HONcode) for quality health information. 26, 27 This certification involves an 8-point criteria based on authority, complementary, privacy, attribution, justifiability, transparency, financial disclosure, and advertising policy. 28 HONcode certified websites were compared with noncertified sites for the authorship and quality criteria listed above.
RESULTS
The authorship for the top 50 resources on the 3 search engines (total of 150 websites) were 50% (75/150) by a private physician/clinic, 26% (39/150) by a hospital or university, 11% (16/150) by a medical industry company, 7% (10/150) by a medical association or society, and 5% (7/150) by a news site or blog. There was a significant difference in the 3 search engines in the proportion of articles authored by hospitals or universities with Google yielding the highest proportion of such articles (46% vs. 14% and 18% for Yahoo! and Bing, respectively; P < 0.001), as well in the proportion of articles authored by independent physicians or private clinics with Google yielding the lowest proportion of such articles (28% vs. 70% and 52% for Yahoo! and Bing, respectively; P < 0.001; Table 1 ).
In total, 84% (126/150) of results reported at least one benefit of MISS. Of these websites, 72% (108/150) mentioned a smaller incision and less scarring from the procedure, 68% (102/150) claimed an accelerated recovery time compared with surgeries using an open approach, and 59% (89/150) mentioned less postoperative pain. Furthermore, 59% (89/150) of websites reported less tissue dissection and damage to muscles, nerves, and surrounding structures, 56% (84/150) reported shorter hospital stays, 44% (66/150) reported less blood loss compared with open procedures, 20% (30/150) reported shorter surgeries, and 15% (23/150) reported a lower risk of infection. In addition, less than a quarter of the websites 17% (26/150) described risks associated with the procedure. There were no significant differences in description of the benefits or risks of MISS among the 3 search engines (P = 0.96 and 1 respectively; Table 2 ).
Twenty-five percent (37/150) of websites did not mention procedural technique at all, 48% (70/150) briefly described the procedure with minimal or no visuals to depict the process, and only 27% (41/150) thoroughly described the procedure with accurate diagrams, images, or videos to accompany the prose. Only 5% (8/150) of websites outlined the criteria a patient would need to meet to be eligible for the procedure and only 6% (9/150) of sites referenced peer-reviewed literature as sources to back their claims. In contrast, 61% (91/150) of the resources gave the option or number to make an appointment and 3% (4/150) contained advertisements. There were no significant differences among the 3 search engines in the criteria evaluated above (Table 3) .
HONcode certified results were authored by significantly fewer private physicians/clinics (8.3%, 1/12, P = 0.006) and significantly more medical industry companies (83%, 10/12, P < 0.001) compared with non-HONcode certified sites. Overall, the description of benefits presented in HONcode certified results did not vary from the total results except for less frequent mention of the benefit of smaller incision/less scarring (33% vs. 72%, P = 0.0088; Tables 1-3 ).
The total number of results for the search term minimally invasive spine surgery were 777000, 5290000, and 5290000 for Google, Yahoo!, and Bing, respectively. Twenty of the first 50 results overlapped between Yahoo! and Bing, 11 results overlapped on all 3 search engines, 8 results overlapped between Google and Bing, and only 1 website overlapped between Google and Yahoo!.
DISCUSSION
MISS has become a popular topic of discussion for patients and spine surgeons alike due to the potential benefits such as smaller incisions, 1 minimal damage to the spine and paraspinal muscles, 2 and shorter hospital stays. 29 Prior studies have shown that online information on specific spinal procedures is highly variable with respect to accuracy, and readability, 13, 16 however, no study todate has assessed the online education information available regarding MISS. Evaluating the content of education material is important, especially for a procedure such as MISS that is rapidly gaining popularity.
In this study, we analyzed the top 150 resources from a web search using the Google, Yahoo!, and Bing search engines to assess the content of education resources related to MISS. Consistent with previous studies on online orthopedic patient education materials, 18, 19, 30 we found that the content of information on most websites was variable, with many websites not citing claims backed by peerreviewed literature or providing all relevant information regarding a procedure. Many of the top 50 resources from each of the 3 main search engines failed to describe the techniques of MISSs, the patient eligibility criteria for the procedure, or provide references to peer-reviewed literature. Despite these shortcomings, many websites allowed patients to make appointments with a provider or surgeon. These findings suggest that many resources may be more focused on marketing the procedure and recruiting new patients than on providing balanced and accurate information regarding the benefits and risk profile of MISS. Finally, HONcode certified websites were not found differ in content compared with all search engine resources.
The results of our study show that current online education material regarding MISS often lacks highquality information to substantiate its content, such as references to peer-reviewed literature. This is consistent with previous studies on online information for other orthopedic procedures. 14, 31 References to peer-reviewed literature are important to ensure accuracy and validity in stated claims. 32 Some benefits mentioned, such as "shorter surgery times" for MISS, are not definitively established in the literature. 29, 33 Mentioning these benefits may give patients a false representation of the true risks and benefits of the procedure. In addition, only 27% of websites provided a detailed description of the procedure including visuals, while the majority only briefly described the procedure. Only 5% of websites described eligibility for the procedure discussed. These findings indicate a lack of thoroughness and consistency in the information present on websites describing MISS.
Accurate education materials should address both the benefits and risks of MISS, as well as acknowledge limitations in our understanding of how outcomes in MISS compare with those of traditional open surgery due to lack of systematic reviews and prospective randomized trials demonstrating clinically significant differences. Consistent with findings from previous studies, 14, 31 we found that the majority of resources related to MISS were more likely to mention benefits of the procedure than risks. 30, 34 The majority of these websites also gave the reader the option to schedule a consult about MISS. When considered together, these findings suggest that many Internet resources may be more focused on "selling" MISS procedures and recruiting new patients than on educating patients.
HONcode certification of a patient education website implies that the website is reliable and useful. 35 Therefore, a heightened perception of legitimacy and increase in website visits may be an incentive to seek out HONcode qualification. Our results, however, demonstrate that HONcode certified web results did not have significantly different content than those not HONcode certified. Although HONcode certification may be a useful tool for quality assurance and has been recommended for patient education in orthopedic surgeries such as total hip replacements, 36 its utility as a proxy for high-quality patient educational materials in our evaluation for MISS remains questionable.
Limitations
There were several limitations to our study. First, the quality of websites assessed was not quantified unlike in prior studies on MISS. 16 Nevertheless, we provided a descriptive analysis which we believe provides informative and objective data on the characteristics of MISS-related online information. In addition, as our sample size of HONcode websites was small, our findings are not conclusive, nor can they be generalized to all HONcode certified websites regarding MISSs. HONcode is a tool to provide some validity for health information on the web, and efforts are being made to make this tool more widespread through automatizing detection of HONcode conformity. 27 Finally, our study only assessed the top 50 websites from each search engine. Although there may be millions of search results in any given search, the likelihood of a patient to search through dozens of pages before selecting a websites is very low. Therefore, we believe our data set includes the most representative sample of relevant education material from a patient's perspective.
CONCLUSIONS
Our study demonstrates that MISS-related online education resources are overall variable in content, often emphasizing benefits of the surgery over risks. In addition, many resources seem to place an emphasis on attracting new patients via the ability to schedule appointments, 
